Abstract: Stratigraphic and δ 13 C data from the Rhuddanian to lower Telychian succession on Cornwallis Island, Arctic Canada show evidence of a significant positive δ 13 C excursion in the upper Aeronian and weak positive shifts in the mid-Rhuddanian and uppermost Rhuddanian-lower Aeronian. The lower and upper Aeronian levels coincide with times of continental glaciation in Gondwana and these can be correlated with events recorded in the δ 13 C records from Dob's Linn (Scotland), Anticosti Island (Quebec), and Estonia. In most instances in the C-isotope records appear to coincide closely with local sea-level changes. The available data suggest that the global environmental impact of the late Aeronian glaciation was greater than that of the early Aeronian event. The data support the hypothesis that changes in degree of carbonate platform exposure and weathering resulting from of a combination of local and global (glacioeustatic) sea-level changes (particularly sea-level fall) were an important controlling factor in the generation of positive δ 13 C excursions in this time interval. These changes shifted the isotope value of the C-weathering flux entering shelf seas, which in turn resulted in positive δ 13 C excursions of varying magnitudes in shelf and deep basinal settings. These varied regionally in magnitude in close correspondence with differences in local sea-level histories.
Introduction
The Early Silurian has become known as a time of paleoenvironmental cyclicity, apparently related to climatic and sealevel changes connected with glaciation in Gondwana (Grahn & Caputo 1992; Caputo 1998 ). This cyclicity is manifested in stratigraphic changes of lithofacies and biodiversity patterns that are related to regional and global sea-level fluctuations (e.g., Johnson 1996; Loydell 1998) and climate change (e.g., Azmy et al. 1998; Kaljo et al. 2003) . Knowledge of the changes in biodiversity and palaeoenvironment and how these correlate globally are central to understanding the cause-and-effect relationships between them. Carbon isotope chemostratigraphy has become an important tool in the study of bioevents because the secular δ 13 C record has been used for correlation as well as paleoenvironmental interpretation.
The purpose of this study is to provide new carbon-isotope chemostratigraphic data from Arctic Canada that are well constrained by graptolite biostratigraphy. These results, combined with data from Dob's Linn, Scotland (Underwood et al. 1997; Heath 1998 ), Anticosti Island (Azmy et al. 1998) , and Estonia (Kaljo et al. 1998 Kaljo & Martma 2000) yield insights into the relative timing of the carbon isotope excursions and their relationship to paleoenvironmental and biotic changes. These results follow from a study of the carbon isotope chemostratigraphy of the Late Ordovician to earliest Silurian in Arctic Canada (Melchin & Holmden in press ).
Materials and methods
Samples for this study were collected from the lower member of the Cape Phillips Formation from two localities on northeastern Cornwallis Island in the Queen Elizabeth Islands, Nunavut, Canada (Fig. 1) . The general stratigraphy and palaeogeographic setting of the Cape Phillips Formation in this region were described by Melchin (1989) and Coniglio & Melchin (1995) . The study sections occur in the southern part of the Cape Phillips Embayment, a southern extension of the Early Palaeozoic Franklinian Basin (de Freitas et al. 1999) . During the latest Ordovician and most of the Rhuddanian (early Llandovery), this region represented a distal carbonate ramp environment that was intermittently above and below storm wave base (drowned) as relative sea-level fluctuated. We interpret the strata dominated by laminated, organic-rich, graptolitic, calcareous or dolomitic shales, GFF volume 128 (2006), pp. 173-180. Article as representing episodes of higher sea-level, whereas strata regarded as indicative of deposition during episodes of lower sea-level are either bioturbated, micritic carbonates or, as seen in many of the Hirnantian samples, silty, dolomitic limestones or calcareous siltstones (Coniglio & Melchin 1995; Fig. 2) . In the late Rhuddanian-early Aeronian and early Telychian (late Llandovery) the study area experienced regional transgression, and during these time intervals the Cape Phillips Formation strata on northern Cornwallis Island made a gradual transition from a setting of drowned distal ramp through much of the Rhuddanian to carbonate slope through the rest of the Llandovery (de Freitas et al. 1999) . This deepening in the Cape Phillips Embayment was synchronous with shallowing and development of a distinct shelf-edge facies in the carbonate platform to the south of the study area ( Fig. 1) (Sodero & Hobson 1979) . This is manifested at Cape Manning by the occurrence of numerous fine-grained, bioclastic turbidite beds within the late Rhuddanian-through early Telychian part of the succession, derived from the adjacent shelf margin, resulting from the development of increased shelfbasin relief.
Biostratigraphic data record a continuous succession of regional graptolite zones through the study interval (Fig. 2) , from the latest Ordovician Normalograptus persculptus Zone, into the early Telychian Spirograptus turriculatus Zone. The graptolite biostratigraphy of this interval has been previously documented by Melchin (1989) , , Lukasik & Melchin (1997) , supplemented with new, unpublished data from the study sections. These new data confirm the presence of the lower and upper Stimulograptus sedgwickii Zone in Arctic Canada for the first time. The upper part of the zone is recognized by the first appearance of Stimulograptus halli.
Carbon isotope analyses were prepared according to standard methods described in detail by Melchin & Holmden (in press ). Carbon isotope results are reported in the standard delta (δ) notation as per mil deviations relative to V-PDB. External precision for δ 13 C org is better than ±0.3‰ (2δ) based on 26 analyses of an internal laboratory standard calibrated against NBS 1575. External precision for δ 13 C carb is better than ±0.2‰ based on analysis of NBS-19, which yielded 1.95±0.12‰ (2δ), over the course of this work.
Results, correlation, and comparison with sealevel changes Figure 2 presents the results of the analysis of δ 13 C org and δ 13 C carb of the Cape Manning and Cape Phillips South samples, lithology, graptolite zonation, percent total organic carbon, and our interpreted relative sea-level changes.
The δ 13 C carb data in the study sections show strongly fluctuating values ranging from peaks of +2.5-2.6‰ in the lower and upper Aeronian, to strongly negative values, especially in the Telychian strata. The fluctuations make it difficult to estimate "baseline" values for this succession, although data from the underlying Late Ordovician strata show baseline values in the range of 0 to +1‰ (Melchin & Holmden in press) , which is consistent with those seen in the carbonates of the upper Rhuddanian strata at Cape Manning. More negative values are likely the result of finegrained calcite cements derived from decomposition of organic matter under sulphate reducing conditions, as seen in the carbonate concretions common in these strata (Coniglio & Melchin 1995) . The most noteworthy observations may be that the two peak positive excursions occur in the lower and upper Aeronian. The upper Aeronian peak, in particular, correlates well with the strong positive excursion seen in the δ 13 C org data. Overall, despite the apparently strong diagenetic influence seen in some parts of the section, the δ 13 C carb record on Cornwallis Island shows very similar trends to those seen in Estonia (Fig.  3) , particularly in the Ruhnu core (Kaljo & Martma 2000) . The most conspicuous difference is the lack of a peak in the upper Aeronian in the Ruhnu data. However, there is a significant gap in the succession at Ruhnu, which is well dated by graptolite and chitinozoan data as occurring within the upper part of the Lituigraptus convolutus Zone and lower part of Stimulograptus sedgwickii Zone, probably resulting from sea-level fall in that region.
The δ 13 C org data appear to show baseline values of approximately -30 to -31‰ in the Rhuddanian through Aeronian, as well as in the underlying Late Ordovician strata (Melchin & Holmden in press ). There appears to be a correlation between the interpreted, local sea-level curve and the δ 13 C org trends, with weak to strong positive δ 13 C org shifts associated with times of decreasing sea-level and a return to baseline values during times of increasing sea-level. The only exception appears to occur within the uppermost Coronograptus cyphus and Campograptus curtus zones where the slightly more positive values from the underlying, shallower-water dolostones generally continue through what appears to be an episode of sea-level rise.
The fact that there appears to be a correlation between local sea-level and δ 13 C trends suggests either that there is a direct causal connection between the two, or that both are responding to some other, possibly global paleoenvironmental changes. In order to investigate these possibilities, we have compared the Cornwallis Island C-isotope trends and proposed sea-level curves with those seen in three other regions: Dob's Linn, Scotland; Anticosti Island, Canada; and Estonia (Fig. 3) .
Rhuddanian
Each of the four regions under consideration show negative δ 13 C shifts in the upper Hirnantian, associated with the end of the Late Ordovician glaciation event and its eustatic rise, which represent a return to baseline values after the positive excursion of the early to mid-Hirnantian (Melchin & Holmden in press) .
Local sea-level interpretations for Cornwallis Island, Anticosti Island, and Estonia ( Fig. 3) all indicate sea-level fall in the mid-Rhuddanian suggesting that this may be a eustatic event, in contrast to the proposed eustatic curves of Johnson (1996) and Loydell (1998) , which propose global sea-level rise throughout all or most of the Rhuddanian (Fig. 3) . Carbon isotope curves for all regions show evidence of weak positive shifts (up to +1.5‰ on Cornwallis Island, less than 1‰ in the other regions) into the lower part of the mid-Rhuddanian. No evidence has been presented in the literature for events of glaciation or changes in climate state or global productivity through the Rhuddanian that may explain the observed shifts in δ
13 C values and their relationship to sea-level.
Early Aeronian
Both Cornwallis Island and Dob's Linn show slightly elevated δ
13
C org values (positive shifts of <1‰) in the early Aeronian, although in neither case is there physical evidence of shallowing through this interval.
The strongest positive shift in δ 13 C values observed in any of the regions in the early Aeronian is in Estonia. Kaljo et al. (2003) regarded this as being related to glaciation based on coeval glaciogenic strata from the Amazon Basin dated as Early Aeronian by graptolites (Caputo 1998) . The fact that Anticosti Island and Estonia show sea-level fall during this time interval whereas Cornwallis Island and Dob's Linn do not, are likely the result of differing subsidence histories of these basins. Kaljo et al. (1998) and Kaljo & Martma (2000) also noted that differences between stratigraphic and carbon isotope records among sections in Baltica may have been influenced by regional variations in sea-level history.
As noted above, latest Rhuddanian-early Aeronian was a time of basin widespread subsidence in the northern Cornwallis Island region, and also a time of development of increased shelf-basin relief in this area and development of a pronounced carbonate slope facies south of the study region, which was generally shallowing through the same time interval. This is supported by the presence of numerous, fine, bioclastic turbidites, suggesting that much of the carbonate material in these strata is derived from the adjacent, shallower shelf. This may explain the differing patterns seen in the δ 13 C org and δ 13 C carb values through this interval (Fig. 2) . If the δ 13 C carb data represent the composition of materials transported laterally from the adjacent, shallow shelf setting and the δ 13 C org is measured in organic matter that settled mainly vertically within the deeper-water environment, then the differing trends seen in the δ 13 C carb and δ 13 C org data through the uppermost Rhuddanian and lower Aeronian could be the result of differences in the δ 13 C values of the seawater in the shallow shelf versus more offshore slope environments, respectively. This interpretation is supported by shelf gradients in seawater δ 13 C DIC values that developed in the Cape Phillips Basin during the sea-level low stands in the Hirnantian (Melchin & Holmden in press) and Homerian (Noble et al. 2005 ). The interpretation is based on differences in peak magnitude values of positive δ 13 C excursions reconstructed from proximal shelf and more distal deposits. In both cases, seawater δ 13 C values were higher in the inner shelf environment during the lowstand than in the more basinward environment. Therefore, detrital carbonates sourced from shallow shelves would be expected to carry their more 13 C-enriched signature into deeper water environments. This provides some rationale for believing that the δ 13 C carb excursions in the uppermost Rhuddanian and lower Aeronian retain some environmental significance, despite having been overprinted by diagenetic influences.
Late Aeronian-early Telychian
The strongest positive δ 13 C shifts as well as sea-level shallowing events evident in most of the regions under consideration here occur in the lower part of the S. sedgwickii Zone. On northern Cornwallis Island, this interval is represented by a laminated to finely rippled dolostone that is widespread throughout the Cape Phillips Embayment. We interpret this to represent an episode of sea-level fall and this is supported by the presence of strata showing evidence subaerial exposure, immediately underlain by strata with graptolites of the L. convolutus Zone and overlain by earliest Telychian graptolitic shales 32 km south of Cape Manning in the shelf margin facies (Mallamo 1989) . Unfortunately, this interval appears to be represented by a widespread hiatus in the sections described by Kaljo & Martma (2000) and Kaljo et al. (2003) in Estonia. The negative δ 13 C excursion described by Kaljo & Martma (2000) as occurring within the S. sedgwickii Zone in Estonia occurs above a hiatal surface and is well dated by the occurrence of the graptolite Rastrites linnaei (Kaljo & Martma 2000) , which has its first occurrence in the upper S. sedgwickii Zone of Melchin et al. (2004) and this study, where a negative shift can also be seen in both the δ 13 C carb and δ 13 C org data. Caputo (1998) described a glacial event in the Amazon Basin in the "latest Aeronian-early Telychian" dated by chitinozoans occurring in associated strata. Based on the weak positive excursion and shallowing seen in the Estonian cores in the early Telychian, Kaljo & Martma (2000) favoured an early Telychian age for this glaciation. However, the evidence from Cornwallis Island, Dob's Linn, and Anticosti Island strongly suggest that the more significant shallowing and carbon isotope changes took place in the late Aeronian, and this is supported by the presence of a positive excursion in δ 18 O values (Azmy et al. 1998) in strata dated by graptolites as occurring within the S. sedgwickii Zone on Anticosti Island (Copper & Long 1990 ).
Relationship of δ 13 C excursions to bioevents Melchin et al. (1998) reported unusually high graptolite extinction rates in the late P. acuminatus Zone and the early S. sedgwickii Zone, and somewhat elevated rates in the S. turriculatus Zone (Fig. 3) . In addition, Aldridge et al. (1993) identified the lower S. sedgwickii Zone as an extinction event in conodonts, trilobites, brachiopods, and acritarchs, which they named the Sandvika Event. The data presented here help to confirm the temporal relationship between the extinctions, the strong positive C-isotope excursion, and the glacial episode for the late Aeronian Sandvika Event.
The data presented here suggest that the late P. acuminatus graptolite extinction event may also be associated with eustatic fall and slightly rising C-isotope values in several different regions. Whether these patterns are global in distribution requires further study. As noted above, this level does not appear to correspond to any known, well-dated intervals of continental glacial strata, so the connections between sea-level fall and possible global climate or ocean circulation changes is less clear than for those events where there is strong coincidence between extinctions and widespread glaciation, such as the Hirnantian.
Currently available data have not indicated a significant extinction event in the early Aeronian, coincident with the glaciation.
Discussion
There are presently several hypotheses under debate to explain the positive δ 13 C excursions that are associated with glaciations or episodes of climate change. Wenzel & Joachimski (1996) , Brenchley et al. (2003) , and some other authors proposed that the Hirnantian and Sheinwoodian events were caused by increased primary productivity in the surface ocean waters and increased organic carbon storage in the sediments and/or deep ocean waters. However, as noted by Melchin & Mitchell (1991) , Hallam & Wignall (1997) , and Munnecke et al. (2003) , sediments comprising the Hirnantian glacial interval are characterized globally by lower concentrations of organic matter compared to overlying and underlying strata, and this is seen in distal shelf settings (e.g., Cornwallis Island, Melchin & Holmden in press), deep slope and continental rise environments (e.g., Finney & Berry 1997; Finney et al. 1999) , and Dob's Linn, which is now widely accepted to represent deep sea sediments deposited on oceanic crust, preserved in an accretionary prism setting (Leggett 1987; Stone & Merriman 2004) . This is more consistent with decreased, as opposed to increased, rates of organic carbon burial in the world's oceans. In the Llandovery section on Cornwallis Island, the times of highest rates of burial of organic carbon, as indicated by concentrations of total organic carbon (Fig. 2) , are generally in intervals of rising sea-level and declining δ 13 C values. At Dob's Linn there is no apparent correlation between δ 13 C values and organic carbon concentration within the Aeronian succession (Heath 1998) . Thus, the evidence from the record of burial of organic carbon does not appear to support the productivity hypothesis for the positive carbon isotope excursions in the Late Ordovician and Early Silurian. In addition, although Kiipli et al. (2004) proposed that the lower Aeronian δ 13 C peak in Estonia represents a peak in palaeoproductivity, their data show that one of their other proxies for palaeoproductivity, barium concentrations (normalized to ratios with Al), show elevated values in intervals that are not coincident with the δ 13 C peak (Kiipli et al. 2004 , fig. 6 ). Johnson et al. 1991) . Note that the break in δ 13 C data on Anticosti Island in the S. sedgwickii Zone is the result of a very shallow-water unit that yielded no brachiopods for sampling. Sedimentary (Sed) evidence for glaciation from Caputo (1998), δ
18
O evidence from Azmy et al. (1998) . Generalized graptolite zonation from Melchin et al. (2004) . Note that the C. vesiculosus Zone is equivalent to the combined A. atavus and H. acinaces zones on Cornwallis Island (Fig. 2) , and the M. pectinatus-M. t. triangulatus and A. argenteus zones are approximately equivalent to the M. pectinatus and R. orbitus subzones of the C. curtus Zone, respectively, of Cornwallis Island. Arrows indicate levels of reported extinction events (see text for discussion). U. Ord -Upper Ordovician; Hirn. -Hirnantian. Jeppsson (1990) proposed a model that relates the δ 13 C value of marine shelf sediments to changing climate states, and a modified version of this climate-state model was proposed by Bickert et al. (1997) and further developed by Munnecke et al. (2003) . They suggested that during the early Paleozoic there was a strong vertical gradient in the oceans, with more positive δ 13 C values in surface waters as a result of primary production and sinking of isotopically light organic matter into deeper waters. They proposed that during relatively humid time intervals (Hperiods), low-latitude shelves would be subject to estuarine circulation patterns and upwelling along shelf margins. This would result in transport of 12 C-depleted deep ocean waters into shelf environments and deposition of carbonate sediments with relatively low δ 13 C values. During more arid times (A-periods), antiestuarine circulation would preferentially develop over lowlatitude shelves. This would result in transport of 13 C-enriched surface ocean waters into the shelf environments, and deposition of carbonate sediments with relatively high δ 13 C values. An important prediction of the model of Bickert et al. (1997) and Munnecke et al. (2003) is that positive δ 13 C excursions correlative with the shallow shelf carbonates are not expected in the deep basinal facies located beyond the shelf edge. Rather, their model suggests that both the surface waters and the bottom waters of the open oceans remained relatively unchanged in carbon isotope composition during the changes in climate state (Munnecke et al. 2003, fig. 7 ). However, data from carbonate slope (Cornwallis Island) and particularly open ocean settings (Dob's Linn) that best approximate the paleooceanic environment both show strong positive δ 13 C excursions associated with glacial events of the Hirnantian (Melchin & Holmden in press) and the late Aeronian. These findings do not seem to match the implied predictions of this climate-state model. Cramer & Saltzman (2005) provided a further modification of this model and linked it with the hypothesis of increased organic carbon burial. They suggested that the global positive isotope excursion of the early Wenlock appears to occur within a highstand phase of arid tropical climate, following an episode of glacial lowstand. They attributed the positive δ 13 C excursion to increased rates of organic carbon burial in the deep ocean, which resulted from the spreading of deep ocean anoxia in response to reduced rates of thermohaline circulation following the end of a glacial episode in the latest Llandovery. The model does not appear to be applicable to either the Hirnantian event (as suggested by Young et al. 2005) or the Aeronian positive excursions described here because these appear to coincide with times of glaciation, based on their clear correlation with positive shifts in δ 18 O, sea-level lowstands, and, as noted above, their relationship with trends of burial of organic matter in the deep-ocean succession at Dob's Linn (Melchin & Holmden in press ; this study). Kump et al. (1999) proposed a "weathering hypothesis" to explain both the δ 13 C excursions and the cause of the glaciation event in the Hirnantian. They proposed that high rates of mountain building in the Late Ordovician resulted in increased rates of weathering of silicate rocks, thus increasing rates of consumption of atmospheric CO 2 . The resulting reduction of pCO 2 triggered the glaciation, which in turn caused eustatic fall. The falling sea-level exposed vast areas of carbonate platform on several palaeocontinents, increasing rates of weathering of these carbonate sediments. This would shift the global balance of carbon transported by rivers to the sea toward more positive values, thereby causing the positive δ 13 C excursion. Although some authors have debated the question of whether or not these changes in weathering processes could have triggered the glaciation event (e.g., Brenchley et al. 2003) , it is the origin of the positive δ 13 C excursions that is the focus of further discussion below. Melchin & Holmden (in press ) advanced the carbonate weathering hypothesis further by noting that the effects of these changes should vary regionally and in different epeiric sea settings depending on the relationship between local sea-level history and eustasy, distance from shoreline within a particular epeiric sea basin, and whether carbonate sediment was voluminously exposed in the basin catchment of the epeiric sea during the sea-level lowstand. They showed that for the Hirnantian event, sedimentary basins with high subsidence rates and less carbonate shelf exposure appeared to show weaker positive δ 13 C excursions during the early Hirnantian than those that were extensively exposed by the eustatic fall. They also showed that localities located closer to paleoshorelines appeared to show larger positive δ 13 C excursions as a result of the closer proximity to the erosional sources of carbonate sediment uncovered in the newly formed catchment.
The data from the present study indicate that the positive δ 13 C shifts appear to correspond to glacial eustatic lowstands, particularly in the late Aeronian. In the early Aeronian this is most clearly seen in the carbonate shelf strata of Estonia (Fig. 3) . The relatively deep-water successions at Cornwallis Island and Dob's Linn show no evidence of regional sea-level fall and only weak positive δ 13 C org excursions (generally 1‰ or less above typical Rhuddanian and mid-Aeronian levels). This may reflect a better approximation of the true shift in δ 13 C value of the ocean C-reservoir during the early Aeronian glaciation. The δ 13 C succession at Anticosti Island appears to show changes that coincide closely with interpreted local sea-level changes (Fig. 3) .
In the late Aeronian lower S. sedgewickii Zone all of the regions considered in this study show evidence of sea-level fall. The strongest positive δ
13
C excursions appear to occur in the deeper water sections of Cornwallis Island and Dob's Linn. The model proposed here predicts stronger positive δ 13 C excursions in the shelf regions of Anticosti Island and Estonia. However, as noted above, strata of this interval do not appear to be preserved in Estonia as a result of an unconformity (Kaljo & Martma 2000) , and the shallowest-water unit of the late Aeronian (the East Point Member of the Jupiter Formation) was not sampled by Azmy et al. (1998) . Thus, the times of peak positive δ 13 C values in paleoseawater deposits from these shelf regions, may not have been sampled. Our hypothesis predicts that a strong positive excursion (likely >3‰) should be seen in strata of the lower S. sedgwickii Zone in a carbonate platform setting that has continuous sedimentation and sampling through this interval.
The weak positive shift in δ
C values seen in Rhuddanian strata, particularly on Cornwallis Island, coincides with locally lowered sea-level. In addition, it is proposed here that this results from local changes in the balance of carbon input from different sources as sea-level rose and fell, promoting either carbonate deposition or erosion in the adjacent, more nearshore regions. It is noted, however, that only the weathering of carbonate sediment affects the δ 13 C value of the epeiric sea, and by contrast the influence of carbonate deposition during sea-level highstands is insignificant. However, the rising sea-level causes the shoreline to retreat (transgression), changing the C-flux dynamics across the epeiric sea, or the slope of the geographic gradients in δ 13 C values between proximal and distal settings, and allows the surface ocean to penetrate more deeply into the interior of epeiric seas, thus, breaking down hydrographic restrictions.
Conclusions
Stratigraphic and δ 13 C org data from the Rhuddanian to lower Telychian succession on Cornwallis Island, Arctic Canada show evidence of a significant positive δ 13 C excursion in the upper Aeronian S. sedgwickii Zone and very weak positive shifts in the mid-Rhuddanian and uppermost Rhuddanian-lower Aeronian. The lower and upper Aeronian excursions coincide with times of continental glaciation in Gondwana and these can be correlated with events recorded in the δ 13 C records from Dob's Linn (Scotland), Anticosti Island (Quebec), and Estonia. The other δ 13 C shifts, particularly those in the Rhuddanian, observed in at least three of these sections (excepting Dob's Linn), appear to coincide closely with local sea-level changes.
The patterns of relationship between the δ 13 C and the sedimentological records of sea-level change at these sections support the hypothesis that the degree of carbonate platform exposure and weathering resulting from of a combination of local and global (glacioeustatic) sea-level falls were an important controlling factor in the generation of positive δ 13 C excursions. The impact of increased carbonate weathering was greatest on the isotope balance of C in basin proximal settings of epeiric seas. Because the open ocean receives the weighted average flux of carbon from epeiric seas and landmasses worldwide, the magnitude of the ocean δ 13 C response to the sea-level drop was smaller than the largest δ
13
C excursions recorded in the deposits of the epeiric seas. The δ
C record from the deeper-water successions on Cornwallis Island and Dob's Linn suggests that the global environmental effect of the late Aeronian glaciation was greater than that of the early Aeronian glaciation. This is consistent with the observations that tillites appear to be less widespread in South America in the early Aeronian than in the later event (Caputo 1998) . It may also be reflected in the fact that significant faunal changes occurred in the late Aeronian, but apparently not the early Aeronian.
